V. 3. 3-SS- SAC STATE SPACE SACRAMENTO MODEL CPERATI ON

| dentifier: SS- SAC

Application: Operational Forecast System prograns only

Description: This Operation uses observed nean areal precipitation
or rain-plus-nelt, nean areal evapotranspirati on demand and di scharge
time series data and a nodified version of the Sacranmento soi

nmoi sture accounting nmodel that includes a channel-routing conponent
to forecast stream fl ow di scharge

The Operation is based upon the nodel docunented in I1HR Technical
Report Number 325 by Geor gakakos, Rajaram and Li (1988) and in the
HRC Techni cal Report Number 1 by Sperfslage and Georgakakos (1996)

Usi ng user-supplied degree-of-belief estimtes for the variance of
Sacranment o nodel paranmeters and of forecast evapotranspiration
demand and precipitation or rain-plus-nelt input to the Sacranento
nmodel, it also perforns real tinme updating of Sacranmento and

channel -routi ng nodel storage el enents from observations of

di scharge, and provides di scharge forecast-error variance

i nformati on. M ssing values in the observed discharge tinme series
are accommodat ed. Sacranmento nodel nodifications were made to
facilitate the stable conputation of derivatives for the covariance
propagati on and updating conponents of the operation. The covariance
equations are coupled with the Sacramento and channel -routi ng nodel
equations for robust performance under a variety of data tine
intervals. The Channel nodel conponent is a conceptual kinematic
channel routing nodel consisting of a series of nonlinear or |inear
reservoirs. |In the latter case, the unit hydrograph coordi nates nay
be used to estimate the channel -routing nodel paraneters as described
i n Sperfslage and Georgakakos (1996).

Several provisions are included in this nodel:
1. Evapotranspiration data can be supplied as either:
0 potential evapotranspiration tinme-series values along with
twel ve nonthly correction factors used to convert the

potential values to actual evapotranspiration demand or

o long-term nmean nonthly actual evapotranspirati on demand
val ues

2. Runs can be one of three types with respect to tining:
o the entire run is in the past (no forecast); LDACPD > LDA

o the entire run is in the future (no updating except from
carryover); LDACPD < |DA

o there is both updating and forecasting; |DA > LDACPD < LDA
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3. The User specifies the coefficient of variation of the forecast
i nput precipitation or rain-plus-nelt in one of the follow ng
ways:

0 as a constant for all forecast tinme periods as part of the
PIN routine

0 as an input time series of nodifiers for the coefficient of
vari ation, one for each forecast tinme interval, with data
type DFAC

The latter option is only recomrended when the User is confident that
the default constant value is incorrect for the particular storm
forcing situation at hand. Negative values for the DFAC nodifiers
are set to 1 and a warning nessage is printed. In this docunent
these nodifiers are also referred to as MAP variance nodifiers.

The number of soil paranmeters is set to 18.
The first soil paranmeter is set to 1.0.

The last 3 soil paraneters are set to 8.0.

Ref er ences:

CGeor gakakos, K., Rajaram H and S.G Li, 1988: On Inproved

Oper ati onal Hydrol ogi c Forecasting of Streanflows. |IlIHR Techni cal
Report No. 325. lowa Institute of Hydraulic Research, The University
of lowa, lowa City, lowa, 52242, 162 pp.

Sperfslage, J. A, and K P. Georgakakos, 1996: |nplenentation and
Testing of the HFS Operation as Part of the National Wather Service
Ri ver Forecast System (NWSRFS). HRC Technical Report No. 1.

Hydr ol ogi ¢ Research Center, San D ego, California, 92130, 213 pp.

Devel oped By: Hydrol ogic Research Center

Al l owable Data Tine |Intervals: 1, 2, 3, 4, 6, 8, 12 and 24 hours

Time Series Used: Tinme series used in this Operation are as foll ows:

For m of Dat a M ssi ng
Qut put Ti me Val ues
General Type Dimn Units Use RequiredT.S. Interval Allowed
Precipitation L CM I yes n/ a any no
Potential ET L CM I yes n/ a any 1/ no
Di schar ge L3/ T CMs I yes n/ a any 2/ yes
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Si mul at ed
Di schar ge

Si mul at ed
Di schar ge
St andar d
Devi ati on

MAP Vari ance

Modi fiers

L3/ T CMs

L3/ T CMs

DLES n/a

no esti mat ed/ any 2/ n/ a
predicted 3/

yes esti mat ed/ any 2/ n/ a
predicted 3/

yes n/a any 2/ no

1/ Must be a nultiple of the precipitation interval.

3/ Updat ed di scharge saved at

2/ Must be the same as the precipitation interval.

conput ati onal tinme steps,

Predi cted di scharge saved at forecast steps.

| nput Summary:

The card input for this Operation is as follows:

CGeneral heading for paraneters

Internal identifier for the
precipitation tinme series

Internal identifier for the ET tine
series (disregarded if ETSW:O)

Internal identifier for the discharge
Internal identifier for the sinulated
di scharge tinme series

Internal identifier for the sinulated
di scharge standard deviation tinme series

Internal identifier for the MAP vari ance
nmodi fier time series

Data type code for precipitation tine
Data type code for ET tinme series

(di sregarded i f ETSWEOQ)

Data type code for discharge tinme series

Data type code for simulated discharge

Card For mat Colums Contents
1 15A4 1-60
2 2A4, 2X 1-10
2A4, 2X 11-20
2A4, 2X 21-30
time series
2A4, 2X 31-40
2A4, 2x 41-50
2A4 51-58
3 A4, 2X 1-6
seri es
A4, 2X 7-12
A4, 2X 13-18
A4, 2X 19- 24
time series
A4, 2x 25-30

03/ 25/ 2002

Data type code for simulated discharge
standard deviation time series
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Card For mat Colums Contents

Ad 31- 34 Data type code for tine series of MAP
vari ance nodifiers
4 15 1-5 ET time series interval (disregard if
ETSW-0)
5 15 1-5 Comput ational tine interval; tine

interval for precipitation, observed
di scharge and sinul ated di scharge tine

series
15 6-10 Flag ETSWfor use of ET tinme series. |If
ETSW
1 =if potential ET time series used

and the twelve nonthly correction
factors are to be read

O =if no ET tine series are used and
the twelve nonthly actual ET
demand val ues are to be read

6 7E10. 3 1-70 Mont hly ET val ues for January-July, each
to the 16th of the particular nonth. If
ETSW

1 = these are average daily
correction factors

0 = these are long-term aver age,
mont hl'y actual demands

7 5E10. 3 1-50 The rest of the monthly ET val ues for
August - Decemnber

Soi | paraneters:

8 E10. 3 1-10 UZTWM (upper zone tension water

capacity, MV

E10. 3 11- 20 UZFWM (upper zone free water capacity,
MM

E10. 3 21-30 LZTWM (| ower zone tension water
capacity, MV

E10. 3 31-40 LZFPM (1 ower zone primary free water
capacity, MV

E10. 3 41-50 LZFSM (| ower zone suppl enental free
wat er capacity, MV

E10. 3 51- 60 UZK (fractional daily upper zone free
wat er wit hdrawal rate)

E10. 3 61-70 LZPK (fractional daily primary
wi t hdrawal rate)
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Card For mat Colums Contents

9 E10. 3 1-10 LZSK (fractional daily supplenmenta
wi t hdrawal rate)
E10. 3 11-20 ZPERC ((ZPERC+1) *PBASE i s the maxi mum
percol ation rate)
E10. 3 21-30 REXP (exponent for the percolation
equati on)
E10. 3 31-40 PFREE (percent/ 100 of percol ated water

whi ch al ways goes directly to | ower zone
free water storages)

E10. 3 41-50 SIDE (ratio of non-channel baseflow
(deep recharge) to channel (visible)

basef | ow)
E10. 3 51-60 ADI MP (additional inpervious area —
per cent/ 100)
E10. 3 61-70 PCTIM (mi nimum i npervi ous area —
per cent/ 100)
10 E10. 3 1-10 Cat chnment area, square kiloneters
11 15 1-5 Nunmber of routing reservoirs (NR)

Reservoir paraneters:

12 E10. 3 1-10 XM (exponent of generic non-linear
routing reservoir)

E10. 3 11-20 ALP (coefficient of generic non-Ilinear
routing reservoir)

Vari ance paraneters:

13 E10. 3 1-10 Coefficient of variation of nean areal
precipitation

E10. 3 11- 20 Constant standard deviati on of nean
areal precipitation
14 E10. 3 1-10 Coefficient of variation of nean area
ET demand
E10. 3 11- 20 Constant standard deviati on of nean
areal ET demand
15 E10. 3 1-10 Constant standard deviati on of discharge
E10. 3 11-20 Coefficient of variation of discharge
16 E10. 3 1-10 Coefficient of input conponent of nodel -
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Card For mat Colums Contents
error covariance
E10. 3 11-20 Coefficient of paraneter conponent
nodel -error covari ance
St andard devi ati on of paraneter estinmates:
17 E10. 3 1-10 For soil paranmeter UZTWM
E10. 3 11- 20 For soil paranmeter UZFWM
E10. 3 21-30 For soil paranmeter LZTWM
E10. 3 31-40 For soil paranmeter LZFPM
E10. 3 41-50 For soil paraneter LZFSM
E10. 3 51- 60 For soil paraneter UZK
E10. 3 61-70 For soil paranmeter LZPK
18 E10. 3 1-10 For soil paraneter LZSK
E10. 3 11- 20 For soil paranmeter ZPERC
E10. 3 21-30 For soil paraneter REXP
E10. 3 31-40 For soil paranmeter PFREE
E10. 3 41-50 For soil paranmeter SIDE
E10. 3 51- 60 For soil paranmeter ADI MP
E10. 3 61-70 For soil parameter PCTIM
19 E10. 3 1-10 For reservoir paraneter ALP
E10. 3 11- 20 For reservoir paraneter EXP
Soil initial carryover neans (MV:
20 E10. 3 1-10 For UZTWC (upper zone tension water
contents)
E10. 3 11- 20 For UZFWC (upper zone free water
contents)
E10. 3 21-30 For LZTWC (|l ower zone tension water
contents)
E10. 3 31-40 For LZFPC (I ower zone primary free
contents)
E10. 3 41-50 For LZFSC (Il ower zone suppl enent al
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Card For mat Colums Contents

contents)
E10. 3 51- 60 For ADI MC (additional inpervious
contents). If not known, use ADI MC =

UZTWC + LZTWC.

Initial conditions for covariance matrix di agonal el enents:

21 E10. 3 1-10 Soi | water storage elenent #1
E10. 3 11-20 Soil water storage el enent #2
E10. 3 21-30 Soil water storage el ement #3
E10. 3 31-40 Soil water storage el ement #4
E10. 3 41-50 Soil water storage el ement #5
E10. 3 51-60 Soil water storage el ement #6
E10. 3 61-70 Reservoir water storage el enent #1
22 E10. 3 1-10 Remai ning melenents (NR - 1 where NR

must be less than or equal to 6)

23 E10. 3 1-10 Initial discharge observed data (in CMS)

Sanple Input and Qutput: Sanple input is shown in Figure 1. Sanple
output fromthe paraneter print routine is shown in Figure 2.

Duri ng execution this Operation prints a row of values that appears
at each conputational tinme interval. Each row list the follow ng
par anmet ers:

observed precipitation (MMtineint)

observed actual ET demand (MM ti neint)

predi cted di scharge (MM tineint)

predi cted di scharge standard deviation (MM tineint)
observed discharge (MM tineint)

updat ed di scharge (MMtineint)

(ol eolelNoNelNo)

where tineint is the conmputational tinme interva

A sanpl e of the execution routine output for 40 conputational steps
and 12 forecast steps is shown in Figure 3.

Error and Wrni ng Messages: The error and warni ng nmessages
generated by this Operation and the corrective action to take when
t hey occur foll ow.

A. Messages that can occur during setup (the variable Pold
represents the i nput paraneter that is unacceptabl e and Pnew
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represents the new value of the variable as changed):

1. **ERROR** COMPUTE TI ME | NTERVAL= Pol d BUT ONLY | NTERVALS OF
1,2,3,4,6,8,12 AND 24 ARE ALLOVED.

Cause: Invalid conmputation interval.

Action: Change the input file for a paraneter val ue which
di vides evenly into 24.

2. **ERROR** ET DATA | NTERVAL= Pold IS NOT A MILTI PLE OF THE
COVPUTE TI ME | NTERVAL.

Cause: Invalid potential ET time series data interval.

Action: Change the input file for a paraneter val ue which
is amltiple of the conpute tine interval.

3. **ERROR** ET CORRECTI ON FACTOR# nmont h# = Pold CANNOT BE
NEGATI VE

Cause: When using potential ET tine series data, a nonthly
correction factor |ess than zero was read.

or

**ERROR** ET DEMAND VALUE# nont h# = Pol d CANNOT BE
NEGATI VE

Cause: When using nmonthly actual ET denmand data, a nonthly
value |l ess than zero was read.

Action: Change the input file for a paraneter value for
nmont h# which is greater than or equal to zero.

4.  **WARNI NG** SACRAMENTO MODEL PARAMETERS WERE CHANGED
BECAUSE THEY WERE ASSI GNED | MPOSSI BLE VALUES. Pol d :
changed to Pnew

Cause: An inpossible value was read for one or nore soil
paranmeters. The paranmeter restrictions are:

UZTWM UZFWM LZTWM LZFPM and LZFSM . GE. 0.1
UZK, LZPK, LZSK, PCTIM and PFREE .LE. 1.0
ZPERC and REXP .GE. 1.0E-04

SIDE .GE. 0.0

ADIMP .LE. (1.0 - PCTIM

Action: Either change the input file for a paraneter val ue
which is within above linmits or continue using the new
val ue shown above.

5. **ERROR** CATCHMENT AREA CANNOT BE .LE. 0.

Cause: A negative value was read for catchnent area.
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10.

11.
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Action: Change the input file for a paraneter val ue greater
t han 0.

**\WARNI NG * NUMBER OF RESERVO RS WAS CHANGED FROM Pol d TO
Pnew.

Cause: The nunber of routing reservoirs read was either
|l ess than 1 or greater than 6.

Action: Either change the input value to between 1 and 6
the or continue using the Pnew val ue shown.

** WARNI NG * ROUTI NG RESERVO R EXPONENT PARAMETER CHANGED
FROM Pol d TO Pnew

Cause: Routing reservoir exponent read was either |ess than
0.5 or greater than 2.

Action: Either change the input file for a paraneter val ue
within the above limts continue using the value shown.

**WARNI NG * ROUTI NG RESERVO R COEFFI Cl ENT PARAMETER CHANGED
FROM Pol d TO Pnew

Cause: Routing reservoir coefficient paraneter read was
| ess than 0.01.

Action: Either change the input file for value within the
above limts continue using the value shown.

**WARNI NG** MAP COEF CF VARI ATI ON VARI ANCE PARAMETER WAS
CHANGED FROM Pol d TO Pnew

Cause: MAP coefficient of variation variance paraneter read
was either less than 0 or greater than 5.

Action: Either change the input file for a value within the
above limts continue using the value shown.

**WARNI NG** MAP CONSTANT STANDARD DEVI ATI ON VARI ANCE
PARAMETER WAS CHANGED FROM Pol d TO Pnew

Cause: MAP constant standard deviation variance paraneter
read was | ess than 0.01.

Action: Either change the input file for a value within the
above limts continue using the value shown.

**WARNI NG** ET COEF OF VARI ATI ON VARI ANCE PARAMETER WAS
CHANGED FROM Pol d TO Pnew

Cause: ET coefficient of variation variance paraneter read
was either less than 0 or greater than 5.

Action: Either change the input file for a value within the
above limts continue using the value shown.

V. 3. 3- SS- SAC-9 rfs: 533sssac. wpd



12. **WARNI NG** ET CONSTANT STANDARD DEVI ATI ON VARI ANCE
PARAMETER WAS CHANGED FROM Pol d TO Pnew

Cause: ET constant standard deviati on variance paraneter
read was | ess than 0.01.

Action: Either change the input file for a value within the
above limts continue using the value shown.

13. **WARNI NG** DI SCHARGE COEF OF VAR ATI ON VARI ANCE PARAMETER
WAS CHANGED FROM Pol d TO Pnew

Cause: Discharge coefficient of variation variance
paranmeter read was either less than 0 or greater than 5.

Action: Either change the input file for a value within the
above limts continue using the value shown.

14. **WARNI NG** DI SCHARGE CONSTANT STANDARD DEVI ATI ON VARI ANCE
PARAMETER WAS CHANGED FROM Pol d TO Pnew

Cause: Discharge constant standard deviation vari ance
paranmeter read was |ess than 0.01

Action: Either change the input file for a value within the
above limts continue using the value shown.

15. **WARNI NG** COEF OF | NPUT COMPONENT OF MODEL- ERROR
COVARI ANCE CHANGED FROM Pol d TO Pnew

Cause: Coefficient of input conponent of nodel -error
covari ance read was |l ess than 0.01.

Action: Either change the input file for a value within the
above limts continue using the value shown.

16. **WARNI NG** COEF OF PARAMETER COMPONENT OF MODEL- ERROR
COVARI ANCE CHANGED FROM Pol d TO Pnew

Cause: Coefficient of paraneter conponent of nodel-error
covari ance read was | ess than 0.01.

Action: Either change the input file for a value within the
above limts continue using the value shown.

17. **WARNI NG** STANDARD DEVI ATI ON OF MODEL PARAMETER ESTI MATE
WAS CHANGED FOR: paraneter nanme FROM Pold TO Pnew

Cause: An inpossible value was read for one or nore
standard devi ati on of soil nodel paraneter estimates. Each
standard devi ati on must be both greater than 1.E-8 and | ess
than or equal to 3 tinmes its correspondi ng soil paraneter.

Action: Either change the input file so that the specified

paranmeter values are within their I[imts or continue using
t he val ues shown.
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18.

19.

20.

21.

22.
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**WARNI NG** STANDARD DEVI ATI ON OF ROUTI NG RESERVO R
EXPONENT PARAMETER WAS CHANGED FROM Pol d TO Pnew

Cause: An inpossible value was read for the standard

devi ation of the routing reservoir exponent estimate. It
must be both greater than 1.E-8 and |l ess than or equal to
three times its correspondi ng reservoir paramneter.

Action: Either change the input file for a paraneter val ue
which is wthin the above limts or continue using the
val ues shown.

**WARNI NG** STANDARD DEVI ATI ON OF ROUTI NG RESERVO R
COEFFI CI ENT PARAMETER WAS CHANGED FROM Pol d TO Pnew

Cause: An inpossible value was read for the standard

devi ation of the routing reservoir coefficient estimte. It
must be both greater than 1.E-8 and |l ess than or equal to
three times its correspondi ng reservoir paramneter.

Action: Either change the input file for a paraneter val ue
which is within the above limts or continue using the
val ues shown.

**WARNI NG** | NI TI AL STATE VARI ABLES CONTAI N | MPCSSI BLE
VALUES AND WERE CHANGED.

NI TIAL: Pold

CHANGED:  Pnew

Cause: An inpossible initial soil state was read. Each
state mean nust be greater than or equal to O or it will be
set to 0. In addition, states 1-5 nust each be |ess than or
equal to its correspondi ng capacity paranmeter and state 6
(ADI MC) must be |less than or equal to LZTWM or the state
will be set to the correspondi ng paraneter.

Action: Either change the input file so that the val ue for
each state is within its corresponding linmt or continue
usi ng the val ues shown.

**WARNI NG** DI AGONAL ELEMENTS OF I NI TI AL STATE COVARI ANCE
MATRI X CONTAI N | MPOSSI BLE VALUES AND WERE CHANGED

NI TIAL: Pold

CHANGED: Pnew

Cause: A diagonal element of the initial state covariance
matrix was read with either a value less than 1. E-8 or for
soil elements a value greater than three tinmes its
correspondi ng state mnean.

Action: Either change the input file for parameter val ues
which are within above limts or continue using the values
shown.

**ERROR** | NI TI AL DI SCHARGE PARAMETER CANNOT BE NEGATI VE
Cause: The initial discharge value read was | ess than zero.
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23.

24.

25.

26.

27.

28.
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Action: Change the input file for a paraneter val ue greater
t han zero.

**ERROR** Pl N22 NEEDS nnnnn WORDS | N P ARRAY, BUT ONLY
nnnnn ARE AVAI LABLE.

Cause: There is not enough space available in the FC
paranmeter array to contain the paraneters for this
Oper ati on.

Action: Call your Focal Point.

**ERROR** PI N22 NEEDS nnnnn WORDS | N C ARRAY BUT ONLY nnnnn
ARE AVAI LABLE

Cause: There is not enough space available in the carryover
array to contain the carryover fromthis Operation

Action: Call your Focal Point.

**ERROR** data type code PRECI Pl TATI ON DATA TYPE | S
| NVALI D.

Cause: The precipitation data type is not properly defined.
The data type code was used for the check but no tine
series for it exists.

Action: Change the input file for correct type code.

*ERROR** [tinme_series_identifier] PRECIPITATION Tl ME SERI ES
HAS NOT BEEN PROPERLY DEFI NED.

Cause: The precipitation tinme series is not properly
defined. Either the time series identifier is wong, the
time series interval is invalid, the tinme-series has

nm ssing values or there is nmore than 1 data val ue stored
per tinme interval.

Action: Change the input file for correct tine series
identifier or interval.

**ERROR** data type code DI SCHARGE DATA TYPE | S | NVALI D.

Cause: The discharge data type is not properly defined. The
data type code was used for the check but no tinme series
for it exists.

Action: Change the input file for correct type code.

*ERROR** [tinme_series_identifier] DI SCHARGE Tl ME SERI ES HAS
NOT BEEN PROPERLY DEFI NED.

Cause: The discharge tine series is not properly defined.
Either the time series identifier is wong, the tinme series
interval is invalid, (same interval as for precipitation
data is used) or there is nore than 1 data val ue stored per
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29.

30.

31.

32.

33.
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time interval.

Action: Check the above conditions and if necessary change
the input file for correct tine series identifier.

**ERROR** data type code S| MULATED DI SCHARGE DATA TYPE | S
I NVALI D.

Cause: The Sinul ated D scharge data type is not properly
defi ned.

Action: Change the input file for correct type code
paranmeter. The data type code was used for the check but no
time series for it exists.

*ERROR** [tinme_series_identifier] SIMIJLATED DI SCHARGE TI ME
SERI ES HAS NOT BEEN PROPERLY DEFI NED

Cause: The sinul ated di scharge tine series is not properly
defined. Either the time series identifier is wong, the
tine series interval is invalid, (sane interval as for
precipitation and di scharge data) or there is nore than 1
data val ue stored per tinme interval.

Action: Check the above conditions and if necessary change
the input file for correct tine series identifier.

**ERROR** data type code SI MULATED DI SCHARGE STDEV DATA
TYPE |'S | NVALI D.

Cause: The Sinul ated D scharge Stdev data type is not
properly defined. The data type code was used for the check
but no tinme series for it exists.

Action: Change the input file for correct type code
par amet er .

*ERROR** [tinme_series_identifier] SIMIJLATED D SCHARGE STDEV
TI ME SERI ES HAS NOT BEEN PROPERLY DEFI NED

Cause: The Sinul ated D scharge Stdev tinme series is not
properly. Either the time series identifier is wong, the
tine series interval is invalid, (sane interval as for
precipitation and discharge data) or there is nore than 1
data val ue stored per tinme interval.

Action: Check the above conditions and if necessary change
the input file for correct tine series identifier.

**ERROR** data type code MAP VARI ANCE MODI FI ERS DATA TYPE
I'S | NVALI D.

Cause: The MAP variance nodifiers data type is not properly

defined. The data type code was used for the check but no
time series for it exists.
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34.

35.

36.

37.

Action: Change the input file for correct type code
par amet er .

*ERROR** [tinme_series_identifier] MAP VARI ANCE MODI FI ERS
TI ME- SERI ES HAS NOT BEEN PROPERLY DEFI NED

Cause: The MAP variance nmodifiers time series is not
properly defined. Either the tine series identifier is
wrong, the tinme series interval is invalid, (same interval
as for precipitation and di scharge data) or there is nore
than 1 data value stored per time interval.

Action: Check the above conditions and if necessary change
the input file for correct tine series identifier.

**ERROR** [data_type_code] EVAPORATI ON DATA TYPE | S
| NVALI D.

Cause: The potential ET data type is not properly defined.
The data type code was used for the check but no tine
series for it exists.

Action: Change the input file for correct type code
par amet er .

**ERROR** [time_series_identifier] EVAPORATION TI ME SER ES
HAS NOT BEEN PROPERLY DEFI NED

Cause: The potential evapotranspiration tinme series is not
properly defined. Either the tine series identifier is
wrong, the tinme series interval is invalid, there is

nm ssing data or there is nore than one data val ue stored
per tinme interval.

Action: Check the above conditions and, if necessary,
change the input file for correct time series identifier or
i nterval

**ERROR** PIN22 | NPUT ERROR nnn ENCOUNTERED | N | OSTMI
iostnt, SEE LI STI NG

Cause: A FORTRAN file input error was encountered in the
statenment |abeled iostnt.

The i nput routine |loads the paraneter array with what is
probably the wong value for the paranmeters read and then
conti nues.

Action: Call your Focal Point.

B. Messages that can occur during execution:

1.

03/ 25/ 2002

**WARNI NG** POSSI BLE PROBLEMS DUE TO VERSI ON CONFLI CT!
PI N22 VERSI ON xx WAS USED TO | NPUT PARAMETERS, BUT EX22
VERSION yy IS I N USE
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The version nunbers of the PIN22 subroutine (used to input
the paranmeters in use) and EX22 subroutine do not agree
Thi s can happen when either routine is nodified and its
version nunber is updated, but the other routine is not
nodi fi ed accordi ngly.

The routine will continue to execute, but unpredictable
results can occur if the nodifications to one routine
require corresponding nodifications in the other.

Action: Call your Focal Point.

2. **WARNI NG** request ed nunber FORECAST STEPS HAVE BEEN
REQUESTED, BUT ONLY THE PROGRAM NMAXI MUM OF current capacity
W LL BE DONE.

Cause: Mre forecast steps have been specified (forecast
interval /time step) than the program array di nensions, etc
can handl e.

The routine will continue to execute, but will only do the
number of forecast steps shown.

3.  **WARNING'* LARGE M A.P. READ FOR TI ME STEP#
tinme step index
non/ day/yr hr: 00

CURRENT VALUE OF DATAold WLL BE CHANGED TO PRECI Pmax

Cause: An extrenmely large precipitation tinme series value
was encountered.

The Operation will continue executing, but use the current
maxi mum al | owed precipitation value (shown above) for this
tinme step.

4.  **WARNI NG** | NTEGRATI ON RESULTS MAY BE | NACCURATE FOR TI ME
STEP#:
tinme step index
non/ day/yr hr: 00
CURRENT VALUE OF SUBS PARAMETER
RERUN W TH SUBS

Pol d
Pnew

Cause: Nunerical difficulties with the prediction routine
PRED22. The cal cul ati on cannot converge.

Action: Either let the Operation continue and carefully
check the prediction at the above time step or increase by
2 the mnimum al | owabl e val ue for SUBS.

5.  **WARNI NG** MAP VARI ANCE MODI FI ERS TYPE |'S INVALI D FOR TI ME
STEP#:
tinme step index
non/ day/yr hr: 00
MODI FI ER VALUES W LL BE CHANGED TO 1.0
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Cause: Invalid specification of the MAP variance nodifiers
time series.

Action: Change input file to correct data type (DFAC).

6. **WARNI NG** NEGATI VE MAP VARI ANCE MODI FI ER FOR Tl ME STEP#:
tinme step index

non/ day/yr hr: 00
ORI G NAL VALUE OF - X. XXXE+XX W LL BE CHANGED TO 1.0

Cause: Invalid specification of nodifier value.

Action: Verify specification of nodifier tinme series and
any runtime MODs that change them

Carryover Transfer Rules: The following rules apply to the state
mean

vari abl es and the state covariance matri x elenents, for both soil and
reservoir carryover. Cold contains old soil and reservoir carryover.
Cnew will contain, at the start of the carryover transfer routine,
the initial-conditions carryover corresponding to the new set of

i nput paraneters and nay or nay not be replaced wi th adjusted
carryover, as described bel ow.

1. Soil contents deficit adjustnent:

If one of the six soil capacity parameters is changed, then the
corresponding state variable is adjusted as foll ows:

Cnew = (Col d/Pold)*Pnew

where Pold is the parameter value in effect when carryover
Col d was saved
Pnew is the new paranmeter value to use
Cnew is the adjusted carryover to reflect new paraneter

The following lists each soil contents state carryover and its
correspondi ng capacity parameter:

UZTWM . ... UZTWC
UZFWM . ... UZFWC
LZTWM . ... LZTWC
LZFPM . ... LZFWC
LZFSM . ... LZFWC
LZTWM . ... AD MC

2. Catchnment area changes, nunber of routing reservoirs unchanged:

In this case, both soil and reservoir carryover wll be adjusted
according to the follow ng steps:

a. Adjust all state neans. These are, for soil, the first

si x deficit-adjusted values and, for routing, the next NR
values in the carryover array. They are adjusted as foll ows:

03/ 25/ 2002 V. 3. 3- SS- SAC- 16 rfs: 533sssac. wpd



CNEW = (AREA_NEW/ AREA_COLD) * COQLD

b. Adjust covariance nmatrix variances. These are the (6+NR)
di agonal elenments of the matrix. The (I,I)th element is
adj usted as fol |l ows:

STDEVOLD = SQRT(COLD(I, 1))
STDEVNEW = (AREA NEW/ AREA OLD) * STDEVOLD
CNEW |,1) = STDEVNEW * STDEVNEW

c. Adjust the covariance matrix covari ances. These are the
of f-di agonal elenents of the matrix. The (1,J)th el enent
of the matrix is adjusted by:

1) compute the old standard deviation for (I,1) and (J,J):

SQRT( QOLD( 1,

STDEVOLD( |, 1))
SQRT(COLD(J, J))

|
STDEVOLD( J, 33

2) conpute the new standard deviation for (I1,1) and (J,J):

SQRT( CNEW( | ,

STDEVNEW( I, I) 1))
SQRT( ONEW( J, J))

STDEVNEW( J, J)

3) conpute correlation fromold covari ance:
COR(1,J) = coLD(1,J) / STDEVOLD(I,!|) / STDEVOLD(J,J)
4) conpute the new covari ance:
CNEW,J) = COR(1,J) * STDEVNEWI,|) * STDEVNEWJ, J)
3. Catchnment area changes, nunber of reservoirs changes:

In this case, only the soil carryover can be adjusted and wil |
be done according to the nethod in (2) above. For the reservoir
carryover, the initial carryover which was read in with the
parameters will become the new carryover. In other words, the
el ements of COLD which correspond to soil carryover will be

adj usted and stored in their corresponding locations in CNEW
The remaining el enents in CNEW which correspond to reservoir
carryover, will be left untouched as initial carryover read in
with the new paraneter set.

4. Catchnent area unchanged, nunber of reservoirs changed:

In this case, the old soil carryover is copied from COLD to the
appropriate elements of CNEWto be retained as the new carryover

(note that the soil means still are deficit-adjusted). As in
(3) above, the reservoir carryover elenments in CNEWw Il remain
unt ouched so that the new adjusted carryover becones the initial
carryover.

5. Warnings are issued if any input parameter is changed:

There are a few cases of particular concern:
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a. If the conputational tine interval changes, then t
dependent paranmeters WZK, LZPK and LZSK are checked to
ensure that

PNEW = POLD / (OLD_I NTERVAL / NEW.I NTERVAL)

If a paranmeter has not been adjusted correctly, a warning
i s issued.

b. Atitle change (card #1) nmay indicate that a new basin is
bei ng used and therefore the carryover saved to date may
be for the wong basin/paraneter set.

c. A change in program revision nunber may indicate that the
carryover or sonmething else is not conpatible with
preci ous versions.

d. If changing frompotential ET tinme series data to actual
ET demand, the 12 nonthly factors should all change from
correction factors to mean demand values. Simlarly, if
changing from actual ET denmand val ues to potential ET tine
series, the 12 factors shoul d change. In either case, if
any factor does not change, a warning is issued.

e. If the nunber of reservoirs changes, then the reservoir
states whi ch have been either added or deleted (due to the
change in NR) are printed along with a warning.

Punch Routine Rules: All paraneters will be punched with the exact
sane format that the input subroutine uses to read them Also, there
will be no other differences between the original card i nput and the

val ues on the cards generated by the punch card subroutine.
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Figure 1.

Sampl e Card | nput

For Operation SS-SAC

- Colum -
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
g
SS- SAC NFDC1SSS

North Fork Anerican River

NFDCL NONE NFDC1
RAIM NONE QN SQN VsSQ

24

6 0
. 300E+00 . 900E+00 .200E+01
.670E+01 .580E+01 .380E+01
.213E+03 . 300E+02 .720E+02
.370E-01 .140E+02 .120E+01
. 886E+03

2
.100E+01 . 130E+01
. 600E+00 . 200E+01
. 500E+00 . 100E+01
. 100E+00 . 200E+00
. 500E+00 . 200E+01
. 426E+02 .200E+02 .216E+02
.700E-02 .420E+01 .360E+00
. 100E+00 . 100E+00
.213E+03 .000E+00 .720E+02
.177E+02 .200E+02 .200E+02
. 300E- 02
. 500E+01

03/ 25/ 2002

NFDC1SSS NFDCLSTD NFDCLFAC

DFAC

. 270E+01
. 130E+01
. 274E+03
. 310E+00

. 822E+02
. 300E-01

. 250E+03
. 580E+02
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. 350E+01
. 300E+00
. 400E+01
. 000E+00

.120E+01
. 000E+00

. 200E+01
. 260E+01

. 460E+01

. 100E+00
. 150E+00

. 800E- 02
. 700E- 02

. 720E+02
. 200E+02

. 600E+01

. 700E- 02
. 200E-01

. 100E- 02
.100E-01

.100E+01
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Figure 2. Sanple CQutput From Operation SS-SAC Print Paraneter
Rout i ne

I NPUT PARAMETERS & | NI TI AL CONDI TI ONS FOR OPERATI ON 22

STATE- SPACE SAC SMA (SS-SAC), VERSION 1.4, FOR
North Fork American River

NUMBER OF STATES OF SACREMENTO MODEL = 6

COMPUTATI ONAL TI ME I NTERVAL IS 6 HOURS

NUMBER OF | NI TI AL SUBDI VI SI ONS FOR | NTEGRATI ON =

(time step MA.P.

value)/5.0

TI ME SERI ES BEI NG USED BY THI S OPERATI ON

CONTENTS I.D. TYPE TI ME | NT
MEAN AREAL PRECI Pl TATI ON NFDC1 RAI M 6 HOURS
DI SCHARGE NFDC1 QI'N 6 HOURS
SI MULATED DI SCHARGE NFDC1SSS SQI' N 6 HOURS
SI MULATED DI SCHARGE STD NFDC1STD VSQI 6 HOURS
MAP VARI ANCE MODI FI ERS NFDC1FAC DFAC 6 HOURS

PARAMETER VALUES (basin dependent):

MODI FI ED- SACREMENTO MODEL SOl L PARAMETERS

UZTWM = 0. 213E+03 UZFWM = 0.300E+02 LZTWM = 0. 720E+02
LZFPM = 0. 274E+03 LZFSM = 0.400E+01 UZK = 0. 100E+00
LZPK = 0. 700E-02 LZSK = 0.370E-01 ZPERC = 0. 140E+02
REXP = 0.120E+01 PFREE = 0.310E+00 SIDE = 0. 000E+00
ADI MP = 0. 150E+00 PCTIM = 0. 200E-01
CATCHMENT AREA (SQKM) = 0.886E+03
NUMBER OF ROUTI NG MODEL RESERVOI RS = 2
EXPONENT & COEFFI CI ENT PARAMETERS
OF GENERI C NON- LI NEAR ROUTI NG RESERVOIR =
0.100E+01 0.130E+01
VARI ANCE PARAMETERS OF OBSERVED DATA:
DATA CONSTANT COEF OF VARI ATI ON
STANDARD DEVI ATI ON
M A. P. 0.200E+01 0. 600E+00
EVAPOTRANSP 0. 100E+01 0.500E+00
DI SCHARGE 0.100E+00 0. 200E+00
COEF OF | NPUT COMPONENT OF MODEL- ERROR COVARI ANCE = 0. 500E+00
COEF OF PARAMETER COMPONENT OF MODEL- ERROR COVARI ANCE = 0.200E+01
STANDARD DEVI ATI ON OF RAI NFALL- RUNOFF
MODEL PARAMETER ESTI MATES
UZTWM = 0.426E+02 UZFWM = 0.200E+02 LZTWM = 0. 216E+02
LZFPM = 0. 822E+02 LZFSM = 0.120E+01 UZK = 0. 800E-02
LZPK = 0.100E-02 LZSK = 0. 700E-02 ZPERC = 0. 420E+01
REXP = 0. 360E+00 PFREE = 0.300E-01 SIDE = 0. 000E+00
ADI MP = 0. 700E-02 PCTIM = 0.100E-01 ALPD = 0. 100E+00
EXP = 0. 100E+00

MODI FI ED- SACRAMENTO MODEL | NI TI AL SOI L CONDI TI ONS

03/ 25/ 2002
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UZTWC 0. 213E+03 UZFWC = 0. 000E+00 LZTWC
LZFPC = 0. 250E+03 LZFSC 0. 200E+01 ADI MC

0. 720E+02
0. 720E+02

DI AGONAL ELEMENTS OF I NI TI AL STATE COVARI ANCE MATRI X
0.313E+03 0.400E+03 0. 400E+03 0.336E+04 0.676E+01 0. 400E+03
0.100E+01 0.900E-05

I NI TI AL DI SCHARGE TI ME- SERI ES VALUE USED = 0.500E+01

CARRYOVER FOR FORECAST COMPONENT OPERATI ON 22

SOl L CONTENT STATE MEAN VALUES (MM) :

UZTWC 0. 213E+03 UZFWC = 0. 000E+00 LZTWC
LZFPC = 0. 250E+03 LZFSC 0. 200E+01 ADI MC

0. 720E+02
0. 720E+02

CHANNEL RESERVOlI R CONTENT STATE MEAN VALUES (MV):

RESERVOIR 1 = 0.385E+01
RESERVOIR 2 = 0.385E+01

UPPER TRI ANGULAR COVARI ANCE MATRI X VALUES
ROW 1 =
0.313E+03 0.000E+00 0. 0O0OE+00 0. 000E+00 0. 0OOE+00 0. 0OOOE+0O0
0. 000E+00 0.000E+00
ROW 2 =
0.400E+03 0.000E+00 0. 0OOE+00 0. 000E+00 0. 0OOOE+00 0. 0OOOE+00
0. 000E+00

ROW 3 =
0.400E+03 0.000E+00 0. 0OOE+00 0. 000E+00 0. 0OOE+00 0. 0OOOE+0O0

ROW 4 =
0.336E+04 0.000E+00 0. 0OOE+00 0. 000E+00 0. 00O0E+00

ROW 5 =
0.676E+01 0.000E+00 0.0OOE+00 0.000E+00

ROW 6 =
0. 400E+03 0.000E+00 0. 0O0OE+00

ROW 7 =
0.100E+01 0.000E+00

ROW 8 =
0. 900E- 05

I NI TI AL DI SCHARGE VALUE (CMS) = 0.500E+01
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Figure 3. Sanple Cutput From Operation SS-SAC Execution Routine

Kk khkkkhkhkkhkhkhkkkhk Ak khkkh Ak kA k Kk kA kA khkkhk Ak kkkkkk k* %%

SS- SAC
JULY 2001
HYDROLOGI C RESEARCH CENTER
12780 HI GH BLUFF DRI VE, #250
SAN DI EGO, CA 92130-3017

BASED ON HFS SOFTWARE DEVELOPED BY
K. P. GEORGAKAKOS, FALL 1986

Kk khkkkhkkkhkkhkhkk kA kkkhkkhk Ak kA khkkkkkhkkkhk Ak kkkkkk k* %%

RUN TI TLE : North Fork American River

FORECAST COMPONENT OPERATI ON 22

RUN START ;03/28/ 1999 10
END ; 04/ 07/ 1999 4
LAST OBS DATA; 03/31/ 1999 4
NOUTZ, NOUTDS, TZC: -8 0 PST
NUMBER OF UPDATE STEPS = 12
FORECAST STEPS = 28
|----- DI SCHARGE | N MM DT --- - -
DATE HOUR MAP ET PRED D PRED STD OBS D EST D
03/28/ 1999 10: 00 0. 365E+00 O0.568E+00 0.372E+01 0.915E+00 0.842E+00 0.107E+01
03/28/ 1999 16: 00 0. 304E+00 0.568E+00 0.797E+00 0.646E+00 0.835E+00 0.830E+00
03/28/ 1999 22: 00 0.174E+01 O0.568E+00 0.122E+01 0.495E+00 0.787E+00 0.878E+00
03/29/1999 04: 00 0.185E+01 0.573E+00 0.120E+01 0.469E+00 0.752E+00 0.852E+00
03/29/1999 10: 00 0.101E+01 O0.573E+00 0.110E+01 0.379E+00 0.752E+00 0.857E+00
03/29/1999 16: 00 0.182E+01 0.573E+00 0.113E+01 0.396E+00 0.746E+00 0.855E+00
03/29/1999 22: 00 0.322E+01 0.573E+00 0.118E+01 0.546E+00 0.725E+00 0.802E+00
03/30/ 1999 04: 00 0.293E+01 0.579E+00 0.112E+01 0.558E+00 0.718E+00 0.783E+00
03/30/ 1999 10: 00 0. 902E+00 0.579E+00 0.996E+00 0.397E+00 0.732E+00 0.805E+00
03/30/ 1999 16: 00 0. 600E+00 0.579E+00 0.968E+00 0.289E+00 0.732E+00 0.968E+00
03/30/ 1999 22: 00 0.325E+01 0.579E+00 0.123E+01 0.552E+00 -0.999E+03 0.123E+01
MAP VARI ANCE MODI FI ER = 1.13
03/31/1999 04: 00 0.186E+01 0.585E+00 0.142E+01 0.707E+00 -0.999E+03 0.142E+01
MAP VARI ANCE MODI FI ER = 1.13
03/31/1999 10: 00 0.118E+01 O0.585E+00 0.146E+01 0.675E+00 -0.999E+03 0.142E+01
MAP VARI ANCE MODI FI ER = 1.13
03/31/1999 16: 00 0.110E+01 O0.585E+00 0. 145E+01 0.613E+00 -0.999E+03 0.142E+01
MAP VARI ANCE MODI FI ER = 1.13
03/31/1999 22: 00 0.189E+00 O0.585E+00 0.138E+01 0.550E+00 -0.999E+03 0.142E+01
MAP VARI ANCE MODI FI ER = 1.13
04/01/ 1999 04: 00 0.522E-01 0.590E+00 0.129E+01 0.486E+00 -0.999E+03 0.142E+01
MAP VARI ANCE MODI FI ER = 1.13
04/01/ 1999 10: 00 0. 140E+00 0.590E+00 0.122E+01 0.441E+00 -0.999E+03 0.142E+01
MAP VARI ANCE MODI FI ER = 1.13
04/01/ 1999 16: 00 0.279E+00 0.590E+00 0.118E+01 0.415E+00 -0.999E+03 0.142E+01
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MAP VARI ANCE MOD
04/01/ 1999 22: 00
MAP VARI ANCE MOD
04/02/ 1999 04: 00
MAP VARI ANCE MOD
04/02/ 1999 10: 00
MAP VARI ANCE MOD
04/02/ 1999 16: 00
MAP VARI ANCE MOD
04/02/ 1999 22: 00
MAP VARI ANCE MOD
04/ 03/ 1999 04: 00
MAP VARI ANCE MOD
04/ 03/ 1999 10: 00
MAP VARI ANCE MOD
04/ 03/ 1999 16: 00
MAP VARI ANCE MOD
04/ 03/ 1999 22: 00
MAP VARI ANCE MOD
04/ 04/ 1999 04: 00
MAP VARI ANCE MOD
04/ 04/ 1999 10: 00
MAP VARI ANCE MOD
04/ 04/ 1999 16: 00
MAP VARI ANCE MOD
04/ 04/ 1999 22: 00
MAP VARI ANCE MOD
04/ 05/ 1999 04: 00
MAP VARI ANCE MOD
04/ 05/ 1999 10: 00
MAP VARI ANCE MOD
04/ 05/ 1999 16: 00
MAP VARI ANCE MOD
04/ 05/ 1999 22: 00
MAP VARI ANCE MOD
04/ 06/ 1999 04: 00
MAP VARI ANCE MOD
04/ 06/ 1999 10: 00
MAP VARI ANCE MOD
04/ 06/ 1999 16: 00
MAP VARI ANCE MOD
04/ 06/ 1999 22: 00
MAP VARI ANCE MOD
04/07/ 1999 04: 00

03/ 25/ 2002

FIER = 1.13
0. 600E-01
FIER = 1.13
0.481E-01
FIER = 1.13
0.481E-01
FIER = 1.13
0. 136E+00
FIER = 1.13
0. 891E+00
FIER = 1.13
0. 850E+00
FIER = 1.13
0. 429E+00
FIER = 1.13
0. 512E+00
FIER = 1.13
0. 156E+01
FIER = 1.13
0. 154E+01
FIER = 1.13
0. 993E+00
FIER = 1.13
0. 267E+01
FIER = 1.13
0. 633E+01
FIER = 1.13
0.427E+01
FIER = 1.13
0. 192E+01
FIER = 1.13
0. 143E+01
FIER = 1.13
0. 214E+01
FIER = 1.13
0.171E+01
FIER = 1.13
0. 981E+00
FIER = 1.13
0.117E+01
FIER = 1.13
0. 219E+01
FIER = 1.13
0.179E+01

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

590E+00 0.115E+01 O

596E+00 0.111E+01 O

596E+00 0.109E+01 O

596E+00 0.107E+01 O

596E+00 0.110E+01 O

602E+00 0.113E+01 O

602E+00 0.114E+01 O

602E+00 0.113E+01 O

602E+00 0.117E+01 0.411E+00

607E+00 0.123E+01 0.462E+00

607E+00 0.124E+01 0.471E+00

607E+00 0.132E+01 O
607E+00 0.160E+01 O
613E+00 0.182E+01 O
613E+00 0.181E+01 O
613E+00 0.169E+01 O
613E+00 0.162E+01 O
619E+00 0. 158E+01 O
619E+00 0. 150E+01 O
619E+00 0. 143E+01 O
619E+00 0. 144E+01 O

624E+00 0. 146E+01 O
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396E+00

379E+00

366E+00

356E+00

367E+00

389E+00

390E+00

379E+00

531E+00

876E+00

991E+00

818E+00

715E+00

672E+00

614E+00

555E+00

568E+00

598E+00

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01

.999E+03 0. 142E+01
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